INTRODUCTION
Restriction enzyme analysis of mitochondrial DNA (mtDNA) appears to be a useful technique for the examination of the possible relationship of organisms [1] . Using this method several studies have already been carried out on such groups as Aspergillus [2] , Paramecium [3] and rats [4] .
In this paper we have used restriction enzyme analysis to compare the mtDNAs of a number of strains of the free-living protozoa belonging to the genus Acanthamoeba. Such a study would be of some value as previous attempts to examine the relationships of these organisms using morphological characters have not been wholly successful.
MATERIALS AND METHODS

Growth and harvesting of the organisms
The previously assigned strains of Acanthamoeba [5] used in this study are: A. castellanii (strain I--CCAPI501/la-Neff); A. polyphaga (strain 5--P23); A. rhysodes (strain 7--grown in a glucose, proteose peptone, yeast extract medium, with shaking, at 30°C and harvested from late-exponential phase cultures (1-3. 10 6 cells/ml) as described previously [6] . Cells were counted in a Fuchs-Rosenthal haemocytometer slide (Baird and Tatlock, Chadwell Heath, Romford, Essex) after dilution with 50 mM MgC12, pH 7.4 to give a suspension in which the individual cells were easily distinguishable.
Disruption of organisms and preparation of mitochondria
Crude mitochondrial-enriched fractions were isolated from 5 1 cultures as described previously [7] except that the disruption buffer (ETS-1) contained 0.32 M sucrose, 10 mM Tris-HC1, pH 7.5 and 5 mM EDTA. Mitochondrial pellets were then resuspended in 0.32 M sucrose, 5 mM MgC12, 20 mM Tris-HC1, pH 7.5 (MTS) and treated with (0.01%, final (w/v)) DNase 1 (Boehringer, Grade II) for 15 min at 4°C. The reaction was terminated by the addition of 2 vols. of ETS-2 buffer containing 0.32 M sucrose, 0.1 M EDTA, 10 mM Tris-HC1, pH 7.5, followed by centrifuging at 15000 rev./min. (19000×g; rav 7.6 cm) for 15 min in the 8 × 50 ml head of an MSE18 centrifuge. The pellet was resuspended in 2 vols. ETS-2 buffer and purified by sucrose-gradient centrifugation [6] .
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Extraction of mt DNA
The DNase-treated, gradient-purified mitochondria were suspended in 10 vols. ETS-1 buffer containing 0.2 mM aluminon (aurintricarboxylic acid) a nuclease inhibitor [8] and centrifuged at 18000 rev./min. (28000 × g; ~av 7.6 cm). The resulting pellet was resuspended in 1.0 ml of a solution containing 10% sucrose, 50 mM Tris HC1, pH 8.0 followed by 5 ml of lysis buffer containing 0.25 M Tris-HC1 pH 8.0, 0.1 M EDTA and 1% SDS, which had previously been heated to 60°C, for 15 min (or until complete lysis had occurred) and then 1.5 ml of 5 M NaC1 was added followed by centrifuging at 15000 rev./min for 30 min at 0°C. The supernatant was carefully decanted, made up to 10 ml with a buffer containing 0.25 M Tris-HC1, pH 8.0, 0.1 M EDTA, 0.5 M NaC1, and then 1 ml of 4 M sodium acetate was added followed by centrifuging at 15 000 rev./min for 5 min. The supernatant containing mt DNA was carefully decanted.
Precipitation and purification of mt DNA
Precipitation of mt DNA was by the addition of 3 ml of isopropanol followed by centrifuging at 10000xg for 10 min at 15°C. The pellet was re-suspended in 0.5 ml of TE buffer containing 10 mM Tris-HC1, pH 7.4, 0.5 mM EDTA containing 0.0025% (w/v) RNase. Undissolved material was sedimented and discarded. To each 0.5 ml aliquot of supernatant 50 ffl of 4 M sodium acetate and 0.3 ml isopropanol were added and the precipitated DNA was sedimented. The pellet was redissolved in 0.5 ml TE buffer and after removal of any undissolved material, the soluble fraction was mixed with an equal volume of buffer (100 mM Tris-HC1, pH adjusted) saturated with phenol (to final pH 7-8) and centrifuged at 8000 × g for 2 min. To the upper aqueous layer 2 vols. of chloroform were added and after gentle mixing the mixture was centrifuged for 2 rain at 8000 × g. To the upper layer 4 M sodium acetate (10% of the volume of the supernatant) was added, mixed and the mixture centrifuged. The supernatant was carefully removed and the pellet was resuspended in 100 #1 of TE buffer; the isopropanol precipitation was then repeated. The final pellet was dried and resuspended in 50/~1 of the TE buffer containing RNase. 
Restriction endonuclease cleavage and electrophoresis
The restriction endonucleases HhaI (EC 3.1.23.19), HindlII (EC 3.1.23.21) and HaelII (EC 3.1.23.17) were obtained from New England Biolabs Inc
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RESULTS AND DISCUSSION
Mitochondrial DNA from each strain was digested to completion with the restriction enzyme HhaI and the resulting mtDNA fragments resolved using agarose gel electrophoresis. Restriction fragments of Aspergillus nidulans var. echinulatus mt DNA [9] after digestion with HaelII/HindlII were used as standards in order 233 to determine the M r values of the restriction fragments of the Acanthamoeba strains. Fig. 1 is a diagram of the different restriction patterns which were obtained after HhaI treatment of the mt DNA isolated from the 5 strains of Acanthamoeba.
A. castellanii (strain 1) and A. polyphaga (strain 5) gave identical patterns, confirming the close similarity which has also been found using both enzyme electrophoresis of esterases and acid-phosphatases [5] and immunoelectrophoresis [10] . The restriction patterns of strains 1 and 5 differed markedly from those of A. rhysodes (strains 7 and 14) and A. griffini (strain 29) with few common bands being found. Although the two strains of A. rhysodes gave different patterns they were only separated by the presence of an additional band, A3, in strain 14 which was not found in strain 7. When the same strains were subjected to enzyme electrophoresis [5] the presence of additional areas, Table 1 Molecular weights (in kb) of the fragments generated after digestion of Acanthamoeba strains with Hha I Although only a limited number of strains has been examined in this study, the nature of the results when combined with those of previous studies [5, 10] has confirmed the taxonomic value of the technique when applied to the intrageneric classification of Acanthamoeba. The present results indicate that restriction analysis of mt DNA provides an extremely sensitive indicator of differences between very closely related strains.
